 Data from 8,020 children were analysed to identify associations between variations in type 1 diabetes and glycated haemoglobin (HbA1c) in Sweden.
Introduction
Seasonal variations in glycated haemoglobin (HbA1c) at follow-up have been observed in adults and children with type 1 diabetes, with the lowest values during the summer and the highest levels during the winter (1) (2) (3) (4) (5) . Some studies have found the greatest seasonal variations in older age groups (4), but no gender differences have been reported. It has been suggested that these variations may be due to increased physical activity and fewer viral infections in the summer months and a colder climate during late autumn and winter (4, 5) . It is not just HbA1c that is subject to seasonal variations. Many other systems in the body vary with the seasons, such as plasma cortisol and blood pressure, which are both higher during the winter (6, 7) .
Seasonal patterns of onset of type 1 diabetes have been found, with incidence peaking in the winter months (1) (2) (3) 5) and in both sexes during puberty (3) . In contrast, other studies have found no seasonal differences in the month of onset in girls (8) . Older children, however, show the greatest seasonal variations (5) . The authors believed that these variations were due to children with less aggressive disease processes at diagnosis.
A geographical variability has also been found. The incidence data on children aged from 0 to 13 years, collected by the World Health Organization DiaMond study, showed that seasonal patterns depend on geographical position (9) . Centres further from the equator are more likely to exhibit significant seasonal variations, although most of the data in the study came from the northern hemisphere. These seasonal patterns were also more frequent in older age groups. These findings are supported by reports of the inverse and independent relationships between incidence rates and mean sunshine hours and mean temperature (10) .
A correlation has been shown between Hb1Ac during the first years after diagnosis and later metabolic control (11).
Gender differences have also been found. Girls aged between six and 12-years-of-age years of age were found to have higher HbA1c levels at diagnosis than boys of the same age and girls of other age groups (12) . Moreover, poorer metabolic control has been found in girls than boys during the clinical course, especially during adolescence (13) (14) (15) .
The Diabetes Control and Complications Trial study, and others, (16, 17) have shown that improved metabolic control is important to prevent, delay or slow the progression of longterm complications.
It is necessary to increase our knowledge of the factors that positively and negatively affect the risk of late complications. Quality registries enable us to do this and, in the Nordic countries, these include data from large populations. Using descriptive data enables us to study the relationships between specific factors and identify those patients who risk developing late complications.
Although previous research studies have demonstrated seasonal variability in metabolic control at follow-up, little is known about seasonal variations of HbA1c at diagnosis. Therefore, the aim of this study was to investigate, in a large selected population, whether there are seasonal variations in HbA1c-values at diagnosis of type 1 diabetes and if this variation remains during the clinical course of the disease. Furthermore, we aimed to establish whether the monthly variation of diabetes incidence was related to the monthly mean levels of HbA1c at diagnosis.
Patients and methods

The Swedish pediatric diabetes quality registry
The Swedish pediatric diabetes quality registry (SWEDIABKIDS) was established in 2000 and includes outpatient attendance data from all 43 Swedish paediatric diabetes centres (18). In Sweden, paediatric clinics treat all children and adolescents with diabetes aged from 0 to 18 years from defined geographical areas. As a result, the registry includes data on around 99% of the children and adolescents with diabetes in Sweden. In 2010, It included data from more than 235,000 outpatient visits, but it does not provide data on socioeconomic factors. This was done using the clinical care cut points for HbA1c laid down in the guidelines from the International Diabetes Federation/ International Society for Pediatric and Adolescent Diabetes (22): < 7.5% (58 mmol/mol) (target value, optimal control), 7.5 -9.2% (58 -77 mmol/mol) (suboptimal control, actions suggested) and > 9.2% (78 mmol/mol) (high risk, action required). Standard deviation score values based on age-standardised values were used to compared blood pressure.
Statistical methods
SPSS 18
® (SPSS inc., Chicago, IL, USA) was used for the analyses. Student's t-test and one-way analysis of variance (Anova) was used. Chi-square was used for comparison of the monthly variation. The results are expressed as mean ± SD.
Results
Monthly variation
A variation was found regarding month of onset, with the fewest children diagnosed in May and June (p<0.001) (Figure 1 ). Fifty-three percent of the patients were diagnosed during autumn and winter, from September to February, and 47% were diagnosed during spring and summer (p<0.001). The monthly variation was somewhat more obvious for boys than for girls ( Figure 1 ). This variation was seen in all age groups, but was most obvious in the youngest age group, with 42% diagnosed during spring and summer and 58% during autumn and winter (p<0.001).
HbA1c was the only clinical parameter analysed at onset that showed an obvious monthly variation. The mean HbA1c value at onset for all children was 10.6%, ±2. 
From onset to follow up
The HbA1c value at onset was higher in girls than in boys (p<0.001) and this pattern was seen in three of the four age groups ( Table 1 ). The pH value and the Body Mass Index standard deviations scores (SDS) at onset did not differ between the age groups. But at onset, the children in the youngest group had higher blood pressure than the children in the two oldest age groups, when it came to both systolic (0.62 SDS compared to 0.24 SDS and 0.24 SDS, respectively, p<0.001) and diastolic blood pressure (0.90 SDS compared to 0.21 SDS and 0.05, respectively, p<0.001). The differences were more obvious in girls than in boys. However, girls in the youngest age group had a body mass index SDS at onset of -0.61 compared with a body mass index SDS of -0.38 (p=0.1) in the oldest age group. This trend was not seen in the boys. Girls had higher HbA1c than boys during follow up. This pattern was found each year and was most obvious in the oldest age group, exemplified by the values in 2010 (Table 2 ). Figure 2 shows that 1,866 children had an annual mean HbA1c value below the national target value of 7.4% (57 mmol/mol) in 2007 and that 41% of those children still had this annual mean value in 2010 ( Figure 2 ). Only 4% of the children had an annual mean value of more than 9.3% (78 mmol/mol) in 2010, whereas 55% of the children had increased their annual mean value to between 7.4 and 9.3%. Of the 449 children with an annual mean value above 9.3% in 2007, 53% still had the same high annual mean value in 2010 and only 6% of these children had decreased their annual mean value to less than 7.4% ( Figure 2 ). Of the 2,620 children with a mean HbA1c value between 7.4 and 9.3%, 74% had the same value in 2010, 12% had a mean value of less than 7.4% and 14% had increased their value to above 9.3%. As we have stated the mmol/mol values for 7.4% and 9.3% early in this paragraph, I
have taken out the subsequent references.
Discussion
Most of the earlier studies addressed the seasonal variation in HbA1c during the clinical course and found the highest values during the winter months (5, 23). We studied HbA1c
values at diagnosis and found that the values were highest during the summer. A long duration of symptoms results in a higher HbA1c than a short duration and children diagnosed during the summer might have a longer duration of symptoms than children diagnosed in winter. The Swedish registry contains no information about the duration of symptoms. Young children under the age of five generally have a short duration. As this sub-group of children also showed this seasonal pattern, with high HbA1c levels during the summer, it implies that other explanations than long duration are required. It is also unlikely that children diagnosed in the summer have more infections than children diagnosed during the autumn and winter.
The only clinical variable that differed between the children who were diagnosed in May, compared to those diagnosed in October, at onset and during follow up, was the age at diagnosis. According to the present study, the month of diagnosis does not seem to affect the course of the disease.
Despite the fact that the present study contained a large amount of HbA1c measurements, a lot more than in most paediatric studies (4, 23), we could not confirm the seasonal variations during follow up that were found in other studies (4, 23) . Children and adolescents with type 1 diabetes in Sweden are intensively treated with multiple insulin injections or insulin pump therapy and active self-control. Their glycaemic control is better than, or comparable to, other populations (13, 24, 25) . Perhaps this intense treatment can help these patients to handle the stress of the colder Swedish climate, and more infections during the winter, and equalise the HbA1c values over the year.
The results of this study indicate a gender difference, as girls generally had higher HbA1c than boys at diagnosis and during follow up. During the three-year follow up, this was only seen in children of more than 10-years-of-age, which might be explained by hormonal factors. In general, puberty starts one to two years earlier in girls than in boys. The gender difference was also seen in the youngest age group at diagnosis, but is not likely to be due to hormonal factors and could be explained by the fact that girls may be more metabolically unbalanced than boys at the time of diagnosis. It might be, however, that we are less likely to observe symptoms in girls than in boys. Unfortunately the duration of symptoms at diagnosis is not reported to the registry.
Another main finding of this study was that many of the children with poor metabolic control during a certain period still had high levels of HbA1c several years later. This is discouraging, Several studies have also shown good correlation between HbA1c and blood glucose levels over time (26, 27) .
Although there is a correlations between high HbA1c during follow up and older age (12) , the risk of retinopathy and albuminuria also increases in young patients with persistently poor metabolic control (28) . Long duration of diabetes is another factor that increases the risk of long-term complications (28, 29) , but duration of disease was not included in the present analysis. The children who had poor glycaemic control in both 2007 and 2010 must be considered to be at high risk of developing long-term complications early in adulthood.
In contrast, there seemed to be a group of children -those with HbA1c of 7.4% (57mmol/mol) The strength of the study is the large unselected population, which may increase its precision. The observation period was long and the children were followed prospectively. At least 99% of the patients diagnosed in Sweden each year are registered in SWEDIABKIDS and were included in this study. The registry provides HbA1c values for the vast majority of patients, but there is a lack of data regarding other variables such as body mass index and blood pressure. The centres that report the highest and lowest levels of complete data are randomly distributed from a geographic point of view. There are differences in annual mean
HbA1c values between the clinics in Sweden and these are not explained by clinical variables (13) . The latest annual report from the registry, based on data from 2011, shows a difference of 1.3% (14.2 mmol/mol) (18). This can, of course, only influence follow-up data but not data regarding diagnosis. As the sample size of the measured follow-up data is very large, we believe that the differences between the clinics only marginally influence the results. Another factor that may influence the results is the fact that Sweden is a rather long and narrow country, with dark and cold winters and long daylight hours in the summer, especially in the north. The registry cannot, however, show any clear differences in HbA1c levels between southern and northern paediatric centres. As the seasonal variations in our study follow the same pattern shown in earlier studies from Sweden and other countries, of low incidence during the summer (2, 5), we believe that our results are robust.
In summary, the seasonal variation in the incidence of diabetes and HbA1c values at diagnosis indicates an effect of environmental factors, but could also reflect an endocrine seasonality. Practitioners and researchers should be aware of seasonal variations and pay attention to its potential effects. The gender difference in HbA1c levels that is already present at onset could be due to physiological gender differences or that we are less aware of symptoms in girls. Many of the children with high HbA1c levels during a certain period still had high levels several years later. This is an important finding for clinicians, as it indicates 
